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SECTION  1 
PURPOSE 


PACAM  IV  is  a computer  model , developed  to  assist  in  the 
evaluation  of  air-to-air  armaments  by  simulating  the  performance 
of  aircraft  and  weapons  in  aerial  combat.  This  volume  is 
intended  to  provide  sufficient  information  to  an  analyst  to 
collect  and  enter  all  data  necessary  to  successfully  run  the 
PACAM  IV  Model. 


This  model  has  been  developed  from  a previous  version, 

PACAM  II,  by  an  evolutionary  process.  Section  2 'SeTow^descr ibes 
the  model  structure  briefly,  together  with  a discussion  of 
the  features  available  in  the  present  version.  Section  3 
presents  the  necessary  information  and  background  to  run  the 
computer  program.  Section  4 describes  the  various  output 
options  and  formats  so  that  the  analyst  can  understand  and 
assess  the  results  of  computer  runs.  Section  5 briefly 
describes  the  system  requirements  for  operation. 


An  appendix  lists  the  FORTRAN  FORMAT  statements  corres- 
ponding to  the  input  forms. 


Updates  to  this  User's  Manual  will  be  issued  periodically, 
as  occasioned  by  changes  to  the  computer  programs.  The  user 
should  endeavor  to  make  certain  that  his  version  of  the  User's 
Manual  corresponds  to  the  version  of  the  program  actually 
being  used. 
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SECTION  2 


GENERAL  DESCRIPTION  OF  PACAM  IV 


PACAM  IV  has  been  developed  from  a series  of  earlier 
versions  as  an  evolutionary  process,  and  a convenient  way  to 
describe  the  features  of  the  present  system  is  to  describe 
this  evolution. 


PACAM  I was  originally  prepared  for  ASD/XR  commencing  in 
1968,  and  was  designed  to  simulate  one-vs-one  aerial  combat  in 
three  dimensional  space.  Both  sides  used  the  same  tactics,  and 
both  used  the  same  policy,  i.e.,  fully  aggressive.  A limited 
maneuver  suite  was  available,  and  each  aircraft  fought  unaware 
of  weapon  usage  by  his  foe.  The  resulting  flight  path  data  for 
the  two  aircraft  were  stored  on  tape  to  permit  the  subsequent 
evaluation  of  weapon  firing  opportunities.  Under  the  auspices 
of  ADTC/XR  the  evaluation  program  was  expanded  to  include  the 
flyout  of  missiles  against  the  stored  flight  path  of  the  target 
aircraft  and  an  evaluation  of  the  end  results  provided.  PACAM  I 
was  then  utilized  as  a system  of  three  separate  models:  Model  B 
(duel),  Model  E (weapons)  and  Model  D (evaluation). 

In  order  to  overcome  some  of  the  "limitations  in  the  PACAM  I 
system  and  to  provide  a model  more  useful  for  the  aerial  missile 
program  at  Eglin  AFB , the  development  of  PACAM  II  was  started. 
Although  the  program  was  completely  rewritten  for  efficient 
operation  and  ease  of  input,  the  major  thrust  was  in  the  area 
of  tactics.  Asymmetric  tactics  were  permitted  in  that  each 
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side  was  allowed  different  decisions  under  various  conditions 


and  the  level  of  aggressiveness  was  incorporated.  Nonaggres- 
sive  (escape)  tactics  by  reason  of  position,  as  well  as  for  low 
fuel  conditions,  were  included.  The  simplistic  decision  process 
of  the  earlier  model  was  replaced  by  a decision  table  approach 
that  lends  itself  to  further  expansion  as  additional  tactics  are 
incorporated.  Finally,  and  most  significantly,  the  model  was 
designed  to  permit  multi-aircraft  combat,  and  several  tactical 
routines  were  developed  for  this  purpose.  Several  of  these 
tactical  routines,  and  the  user-supplied  decision  tables  neces- 
sary to  implement  them  are  described  in  this  manual. 

PACAM  II  still  utilized  the  partitioned  model  concept 
(B,E,D),  which  implies  that  maneuvering,  both  offensive  and 
defensive,  is  independent  of  weapon  firing.  This  limitation, 
plus  a number  of  additional  requirements  leveled  by  various 
users  was  the  impetus  for  the  construction  of  the  present 
version,  namely  PACAM  IV. 

The  principal  thrust  of  PACAM  IV  development  was  to  permit 
dynamic  reaction  to  weapons  firing,  with  all  the  concomitant 
effects.  In  order  to  accomplish  this  goal,  it  was  necessary  to 
merge  the  three  models  described  above  (duel,  weapons,  evalua- 
tion) into  a single  program  and  provide  additional  subroutines 
to  allow  their  interaction.  First,  the  screening  program  was 
incorporated  into  the  duel  programs  so  as  to  evaluate  firing 
opportunities  for  each  of  four  weapons  types  (two  missile  types, 
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W lasers,  guns)  on  each  aircraft  at  each  time  pulse.  Optional 

* firing  doctrines  then  permit  the  choice  of  firing  at  first 
opportunity,  or  waiting  if  conditions  are  predicted  to  be 
improving. 


For  the  case  of  missiles,  a launch  routine  enters  the  mis- 
sile into  a list  of  active  vehicles.  Its  path  is  then  inte- 
grated along  with  the  aircraft,  so  long  as  the  missile  remains 
viable.  Presently,  up  to  ten  vehicles  (aircraft  and  missiles) 
may  be  handled  at  one  time.  Weight  and  drag  are  decremented 
from  the  launching  aircraft.  If  the  missile  is  detected,  the 
target  aircraft  may  choose  to  evade  the  missile,  changing  the 
subsequent  course  of  the  battle.  The  program  also  contains  a 
missile  evaluation  routine,  which  checks  at  each  time  pulse  for 
break  lock  and/or  closest  approach  to  target.  An  end  game  rou- 
tine determines  whether  or  not  a kill  has  been  made.  If  so, 
the  target  is  removed,  aircraft  roles  are  reassigned,  and  combat 
continued  in  a manner  different  than  before.  Similar  dynamic 
evaluation  is  provided  for  gun  and  laser  weapons,  if  present  on 
the  aircraft. 


These  dynamic  weapons  provisions,  plus  the  desire  by  the 
LEAPS  office  at  Kirtland  AFB  to  use  PACAM  for  bomber  defense 
evaluation,  led  to  another  series  of  changes.  First,  size 
variations  (from  B-52  down  to  AIM-9)  tequired  that  detection 
range  be  made  a function  of  target  size  and  aspect,  as  well 
as  type  of  sensor.  Second,  this  size  variation,  plus  the 
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requirement  of  a smaller  time  pulse  during  missile  flyout,  led 
to  a requirement  for  vehicle  response  rate  limitations  (roll, 
pitch,  thrust)  which  effectively  permit  simulation  of  5 DOF 
movement. 


The  concepts  of  kill  evaluation,  and  action  based  upon 
missile  detection  led  to  requests  for  stochastic  determination 
of  these  variables,  and  this  is  provided  in  PACAM  IV,  by  an 
optional  Monte-Carlo  routine. 

Finally,  bomber  penetration  and  defense  tactics  are 
available,  together  with  tail  defense  weapon  screening,  firing 
and  evaluation.  (Fighter  tactics  against  the  bomber  were  well 
handled  within  the  framework  of  the  existing  tactical  routines.) 

Evolution  of  the  program  has  been  accompanied  by  evolution 
of  the  display  modes,  progressing  through  the  plotted  output 
shown  in  this  manual  to  integral  movie  preparation,  as  provided 
by  the  Computer  Center  at  Kirtland  AFB. 


li 

I 


PACAM  IV  is  written  in  FORTRAN  IV,  and  comprises  some  60 
subroutines.  Versions  of  the  PACAM  programs  are  presently 

i 

operational  at  the  following  locations:  Eglin  AFB,  Kirtland  AFB, 
Wr ight-Patter son  AFB,  China  Lake  NWC  and  RAE  Far nsborough . 


Kearney.  Wuvflen  erw  Consultants 


- — '-w*-*.'.  - 


- 6 - 


SECTION  3 

OPERATING  INSTRUCTIONS 

3.1  INTRODUCTION 

This  section  of  the  PACAM  IV  User's  Manual  is  intended  to 
enable  the  prospective  user  to  prepare  inputs  for  the  PACAM  IV 
computer  program.  A full  discussion  is  provided  of  input  for- 
mats, and  limitations  and  restrictions  on  the  inputs. 

The  aircraft  may  be  armed  with  any  combination  of  four  basic 
weapon  types:  long-range  missile,  short-range  missile,  laser 
and  gun.  A magnetic  tape  is  produced  which  describes  the  re- 
sulting flight  paths.  This  tape  can  be  used  to  provide  computer 
generated  plots  of  the  combat.  Also  produced  are  printed  reports 
which  describe  the  flight  paths,  weapon  firing  opportunities, 
weapon  firings  and  resulting  aircraft  or  missile  kills. 

3.2  INPUTS 

There  are  eight  categories  of  inputs  for  PACAM  IV  which  are 
discussed  fully  below.  These  inputs  must  be  supplied  as  punched 
cards  or  card  images  on  disk  or  tape.  The  input  forms  presented 
in  this  section  are  meant  to  serve  as  keypunch  layout  sheets. 
After  they  have  been  completely  filled-  out,  they  can  be  submitted 
to  a keypuncher  with  instructions  to  punch  a card  for  every  line 
on  the  form  which  has  data  entered.  The  cards  which  result 
from  this  process  can  be  read  directly  by  the  program  in  the 
order  in  which  they  are  treated  in  the  following  discussion. 
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This  order  is  pictured  in  Figure  3-1.  There  is  no  automatic 
sequenc  . checking  of  the  inputs  by  the  program  so  the  user  must 
take  care  that  the  input  cards  remain  in  the  order  specified. 
There  are  several  sets  of  input  cards  which  contain  information 
that  is  needed  only  when  the  user  chooses  to  exercise  certain 
special  options  (e.g.,  double  attack  tactics,  bomber  defense 
tactics)  are  selected.  These  cards  are  required  whether  or 
not  the  options  are  selected,  but  blank  cards  may  be  used  if 
the  information  is  not  needed. 
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FIGURE  3-1 

REQUIRED  INPUT  ORDER 
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3.2.1  CONTROL  CARDS 

The  first  two  input  cards  required  are  the  control  cards 
shown  on  Form  1.  The  first  of  these  two  cards  is  used  to  identi- 
fy a set  of  runs.  Only  the  denoted  16  characters  of  alphanumeric 
information  on  the  card  are  used  for  this  purpose.  The  second 
card  contains  the  following  control  parameters  affecting  the 
entire  set  of  runs. 

NAC  - the  number  of  aircraft  involved  in  an  engagement 

(as  the  model  is  presently  constituted,  this  must 
be  either  2 or  3 or  4). 


NTYPE 


NRUNS 


INDMC 


INDRCT 


TMAX 


DLT1 


DLT2 


- the  number  of  aircraft  types  for  which  data  is  to 
be  read  in  (1  or  2). 

- the  number  of  runs  in  the  current  set.  (Must 
agree  with  number  of  sets  of  initial  condition 
cards ) . 

- indicator  for  whether  or  not  initial  detection 
range  is  determined  by  a Monte  Carlo  process; 

0=no , 1 =yes . 

- indicator  for  whether  or  not  a target  aircraft 
reacts  to  the  firing  of  a missile  by  opponent; 
0=no,  l=yes. 

- maximum  time  through  which  an  engagement  lasts, 
(seconds ) 

- time  increment  for  integration  when  no  missile 
is  in  air  and  no  laser  or  gun  is  being  fired, 
(seconds)  (Must  be  1.0,  0.5,  or  0.1) 

- time  increment  for  integration  when  missile 

is  in  air  or  laser  or  gun  is  firing.  (seconds) 
(must  be  0.1  or  0.01.) 

f-ORmflrs  fse<  QppenJ  • 

UkJ€%  po&frtflT  (z  A i°/i'rS',3R\o.o') 
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3.2.2 


TACTICAL  PARAMETERS 


The  input  forms  for  tactical  parameters  are  Form  2 and  Form 
3.  These  forms  allow  for  completely  independent  tactics  on  the 
part  of  each  of  two  sides  involved  in  the  combat.  Thus,  for 
example,  the  fact  that  an  aircraft  on  one  side  is  on  the 
offensive  does  not  necessarily  mean  that  its  opponent  must 
react  in  a defensive  mode. 


The  first  line  of  Form  2 asks  for  the  following  inputs. 

NOSIDE  - the  number  of  aircraft  on  the  side. 

ITAC  - the  type  of  tactics  being  employed  by 

the  side.  Permissible  entries  are: 

SN  - single  aircraft 
*FE  - free  and  engaged 
WW  - welded  wing 
*DA  - double  attack 
BD  - bomber  defense 

ISTURN  - indicator  for  whether  or  not  an  aircraft 
is  to  perform  30°  clearing  turns  when  in 
Maneuver  State  5;  0=no,  l=yes. 

I HOLD  - indicator  for  whether  an  aircraft  fires 

at  the  earliest  opportunity  or  holds 
fire  while  conditions  seem  to  be 
improving;  0=fire  at  once,  l=hold. 


In  order  to  prepare  the  tactical  parameters  which  come  next 

i 

on  Form  2 the  user  must  be  familiar  with  the  concept  of  the  track- 
ing angle  plot.  The  tracking  angle  of  an  aircraft  with  respect 


I 


I 


* 

NOTE:  In  the  current  version  of  PACAM  IV,  if  one  side  is 

using  either  FE  or  DA,  the  other  side  must  be 
. * using  either  SN,  BD,  or  WW. 
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to  another  is  defined  to  be  the  angle  between  the  velocity 
vector  of  that  aircraft  and  the  line-of-sight  vector.  For 
any  pair  of  aircraft,  then,  there  is  a pair  of  tracking 
angles  ( T 1 , t2  ) which  together  with  the  range,  can  be  used  to 
describe  their  relative  positions  in  space.  This  concept  is 
often  used  intuitively  when  dogfights  are  discussed,  as 
illustrated  in  Figure  3-2. 

In  Figure  3-3  is  shown  a simplified  tracking  angle  plot. 

On  this  plot  Ti  represents  the  tracking  angle  of  aircraft  1 and 
t2  is  the  tracking  angle  of  aircraft  2.  Note  that  the  square: 

0 <_  Tj<_  180,  0 <_  t2  1 180 

is  a boundary  of  the  region  of  interest  as  no  other  values 
for  the  tracking  angle  may  occur. 

In  a multiple  aircraft  combat  a tracking  angle  plot  can  be 
constructed  from  the  point  of  view  of  each  aircraft  in  the  com- 
bat, as  illustrated  in  Figure  3-4.  If  the  plot  is  from  the 
point  of  view  of  an  aircraft  which  has  more  than  one  opponent, 
then  all  opponents  appear  on  the  plot  as  shown  in  Figure  3-5. 

In  these  plots  the  Ti  axis  measures  the  tracking  angle  of  the 
aircraft  (not  necessarily  aircraft  1)  with  respect  to  its 
opponent,  and  the  T2  axis  measures  the  tracking  angle  of  the 
opponent  with  respect  to  the  aircraft. 

The  parameters  on  Form  3 under  the  headings  TAUl  and  TAU2 
are  used  to  partition  the  tracking  angle  plot  into  four  defen- 
sive regions.  Each  region  is  defined  as  that  portion  of  the 
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FIGURE  3-5 

TRACKING  ANGLE  PLOTS  FOR  THREE  AIRCRAFT: 
INSTANTANEOUS  PICTURE 
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the  tracking  angle  plot  for  which  n _>  TAU1  and  t2<_  TAU2.  The 
parameter  RLIM  allows  for  a range  restriction  on  each  of  the 
four  defensive  zones.  The  zones  need  not  be  nested  either  with 
respect  to  range  limits  or  angular  limits.  If  an  opponent  lies 
within  the  limits  of  two  or  more  zones  it  is  considered  to  be 
within  the  lowest  numbered  zone. 


On  the  plot  for  aircraft  1,  in  Figure  3-6,  these  regions 
are  labeled  3,  4,  5,  and  6,  which  numbers  also  appear  on 
Form  3 under  the  heading  ACTIONS.  These  numbers  establish  the 
correspondence  between  each  region  and  the  action  to  be  taken 
by  an  aircraft  should  an  opponent  appear  in  that  region  of  the 
tracking  angle  plot.  An  explanation  of  these  actions  and  their 
equivalent  maneuver  states  appears  in  Section  4.4.1  of  this 
report. 


If  the  range  is  greater  than  the  largest  RLIM,  then  the 
aircraft  is  on  "offense."  If  an  aircraft  is  on  "offense,"  it  is 
either  in  an  attack  position  (i.e.,  on  or  near  a pursuit  course) 
or  trying  to  get  to  one.  These  states  correspond  to  the  regions 
labeled  1 and  2 in  Figure  3-6. 


In  the  case  of  a single  aircraft  which  has  two  opponents, 
it  is  necessary  for  the  single  aircraft  to  decide  to  which  of 
the  two  opponents  to  react.  This  is  accomplished  by  assigning 
priorities  to  each  of  the  six  regions  (i.e.,  attack,  offense, 
and  four  defensive  regions).  The  opponent  with  the  highest 
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priority  is  called  the  engaged  fighter.  The  other  opponent 
is  called  the  free  fighter  (See  Figure  3-6).  Both  opponents 
are  assumed  to  know  both  designations.  If  both  opponents  are 
in  the  same  zone  the  program  presently  assigns  the  closest  one 
as  engaged.  On  the  input  form  the  column  headed  PRIORITY  must 
be  filled  with  integers  between  1 and  6 with  1 being  the 
highest  priority  and  6 the  lowest. 


The  next  row  of  inputs  requires  the  following  entries: 


ESC  ALT  - The  altitude  to  which  an  aircraft 

attempts  to  climb  in  defense  zone  4.  (feet) 

ESC  MACH  - That  mach  number  at  which  an  aircraft  in 

defense  zone  4 attempts  to  climb  to  escape 
altitude. 

OVERTAKE  - That  speed  in  which  an  aircraft  on 

pursuit  course  attempts  to  close  with 
the  target,  (feet/second) 

MAX  LAG  - The  maximum  angle  in  by  which  a pur- 
suing aircraft  may  attempt  to  lag  a 
true  pursuit  course,  (degrees)  (This 
maximum  would  be  attempted  only  for 
head-on  case.) 

XLF  - The  distance  directly  behind  a lead  aircraft 

that  an  aircraft  flying  formation  will 
attempt  to  maintain,  (feet) 

YLF  - The  distance  to  the  left  or  right  of  a lead 

aircraft  that  an  aircraft  flying  formation 
will  attempt  to  maintain.  (feet) 


The  last  row  on  Form  2 reads  in  the  parameters  for  bomber 
penetration.  These  values  are  used  only  if  one  side  is  using 
bomber  defense  tactics  — otherwise,  a blank  card  may  be  read 
in.  They  define  the  course  which  a bomber  will  attempt  to 
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follow  when  it  is  not  taking  evasive  action.  Initially,  the 
bomber  flies  a course  for  the  first  of  two  penetration  prints. 

If  it  is  forced  sufficient]  off  this  course  by  an  attacking 
fighter,  it  attempts  to  fly  to  the  second  point.  The  X and  Y 
inertial  coordinates  (XPEN  and  YPEN)  for  each  point  must  be 
entered,  and  also  the  altitude  (ZPEN)  and  speed  (VPEN)  at  which 
the  course  is  to  be  flown  to  that  point. 

Another  concept  with  which  the  user  must  be  familiar  in 
order  to  input  tactical  parameters  is  the  distinction  between 
"posture”  and  "action. " As  used  here  the  posture  of  one  air- 
craft with  respect  to  an  opponent  is  defined  in  terms  of  the 
opponent's  position  on  the  aircraft's  tracking  angle  plot. 

> 

The  posture  is  given  a numerical  value  between  1 and  6 based 
on  the  numbered  regions  shown  in  Figure  3-6.  These  six 
postures  are  defined  as  follows. 

Code  Posture 

1 On  or  near  pursuit  course 

2 Attempting  to  get  to  pursuit  course 

3 Opponent  in  Defense  Zone  1 

4 Opponent  in  Defense  Zone  2 

5 Opponent  in  Defense  Zone  3 

6 Opponent  in  Defense  Zone  4 

Based  on  posture  and  certain  other  considerations  a decision 
must  be  made  as  to  what  action  each  aircraft  will  follow.  Some 
of  the  other  considerations  are:  fuel  remaining,  position  of 
partner,  position  of  opponent's  partner  and  lack  of  awareness 
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of  opponent.  The  following  actions  are  possible: 


Code 


Action 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Lead  pursuit  for  gun  firing 

Offensive  turn  to  get  to  pursuit  course 

Defensive  action  1 

Defension  action  2 

Defensive  action  3 

Defensive  action  4 

Continue  unaware 

Fly  formation  with  partner 

Attempt  to  bracket  opponent 

Out  of  combat  due  to  being  shot  down 

Evade  missile 

Disengage  due  to  bingo  fuel 

Disengage 

Chandelle 

Split-S 

Immelman 

High  speed  yo-yo 
Barrel  roll 
Bomber  penetration 
Bomber  defensive  action 


3. 2. 2.1  FREE-ENGAGED  ACTION  TABLE 

For  a side  using  free-engaged  tactics,  a table  must  be 
supplied  by  the  user  which  determines  the  free  fighter's  action 
based  on  the  posture  of  the  engaged  fighter.  (The  action  of  the 
engaged  fighter  does  not  depend  on  the  posture  of  the  free 
fighter.)  This  table  for  free  fighter  actions  must  be  filled 
in  on  Form  3.  The  36  entries  in  the  table  specify  the  actions 
to  be  taken  by  the  free  fighter  as  a function  of  his  own 
posture  and  the  posture  of  his  partner.  All  of  the  action  codes 
defined  on  the  previous  page  are  possible  entries  in  this  table, 
but  some  will  probably  not  make  sense  as  tactics.  Codes  7,  10, 
11,  12,  17,  19  and  20  for  example,  refer  to  actions  which  are 
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assigned  internally  by  the  program  as  a result  of  special 
conditions. 


Figure  3-7  displays  a typical  way  the  free-engaged  action 
table  might  be  filled  out  and  can  be  interpreted  as  follows. 

The  first  row  is  all  9's.  This  means  that  if  the  engaged 
fighter  is  close  to  a pursuit  course,  the  free  fighter  will 
attempt  to  come  around  and  bracket  the  opponent,  even  if  the 
current  geometry  of  the  situation  is  such  that  the  free 
fighter  would  be  in  a defensive  state  if  he  were  to  ignore  his 
partner.  The  fifth  row  spells  out  the  actions  followed  by  the 
free  fighter  given  that  the  engaged  fighter  has  a posture  of  5, 
which  corresponds  to  seeing  the  opponent  in  defensive  zone  3. 
The  entry  1 in  column  1 means  that  if  the  free  fighter  is 
already  on  a gun-firing  pursuit  course,  it  will  continue  that 
action.  The  2 in  column  2 specifies  that  if  the  free  fighter 
is  already  in  an  offensive  situation  and  striving  to  get  to  a 
pursuit  course,  it  will  continue  that  course  of  action.  The 
entries  in  columns  3 and  4,  however,  mean  that  because  the 
opponent  is  concentrating  on  the  engaged  fighter,  the  free 
fighter  will  ignore  its  defensive  posture  and  attempt  to  get 
on  the  offensive  and  "sandwich"  the  opponent.  The  fifth  and 
sixth  columns  say  that  the  free  fighter  will  remain  in  its 
defensive  position.  Figure  3-8  represents  the  complete 
tactical  logic  of  the  three  aircraft  at  each  point  in  time. 

An  instantaneous  picture  is  also  shown. 
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3. 2. 2. 2 DOUBLE  ATTACK  ACTION  TABLES 


For  a side  using  Double  Attack  tactics,  a table  must  be 
supplied  which  specifies  the  actions  of  both  fighters  based 
on  their  postures.  This  table  must  be  entered  on  Form  3. 
Because  there  is  no  distinction  drawn  between  free  and  engaged 
fighters  if  a side  is  using  Double  Attack  tactics,  the 
fighters  are  labeled  "Lead  Fighter"  and  "Wingman."  There  are 
two  numbers  entered  for  each  location  in  the  table.  These 
entries  represent  the  actions  to  be  taken  by  the  two  fighters 
based  on  their  joint  posture,  the  first  number  representing 
the  lead  fighter;  the  second  the  wingman.  An  example  of  how 
the  Double  Attack  action  table  might  be  filled  in  is  shown 
below  in  Figure  3-9. 
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FIGURE  3-9 

EACH  FIGHTER' S ACTION  BASED  ON  JOINT  POSTURE 
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3. 2. 2. 3 DEFENSE  ZONE  PARTITIONS 

FOR  BOMBER  DEFENSE  TACTICS 

For  a side  using  bomber  defense  tactics,  the  usual  parti- 
tioning of  the  tracking  angle  plot  is  not  necessary  or  desir- 
able. There  are  only  two  postures  which  have  been  defined 
for  the  bomber — namely,  attempting  to  penetrate  and  attempting 
to  defend.  If  opponents  appear  only  in  the  offensive  regions 
of  the  bomber's  tracking  angle  plot,  the  bomber's  posture  is 
penetration.  If  there  is  at  least  one  opponent  in  the  defen- 
sive region,  the  bomber  will  attempt  to  defend  itself.  There 
is  no  distinction  made  between  the  four  defensive  regions  or 
between  the  two  offensive  regions  as  would  be  the  case  for  any 
aircraft  not  using  bomber  defense  tactics.  Thus,  the  user  may 
read  in  for  the  bomber  the  same  angular  and  range  limits  for  all 
four  defensive  regions. 
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3.2.3  AIRCRAFT  INPUTS 

The  inputs  described  here  completely  define  all  types  of 

aircraft  which  can  be  used  in  the  set  of  runs  specified  by  the 

control  cards.  The  seven  forms  which  comprise  the  aircraft 

inputs  are  designated  Form  4 through  Form  10.  Form  4 requires 

17  lines  of  data.  The  first  line  asks  for  aircraft  type  and 

name.  Aircraft  type  is  a fixed  point  number  that  can  be  used 

for  identification.  The  name  can  be  any  20-character  string. 

The  parameters  required  by  the  second  line  are: 

NA  - number  of  values  of  the  altitude  argument 
in  the  succeeding  tables. 

NM  - number  of  values  of  the  mach  argument  in 
the  succeeding  tables. 

NC  - number  of  values  of  the  lift  coefficient 
argument  in  the  succeeding  tables. 

INDP  - indicator  for  whether  or  not  this  type  of 
aircraft  utilizes  passive  detection, 

0=no,  l=yes. 


The  parameters  read  in  from  the  third  line  are: 

AREA  - wing  area.  (square  feet) 

WTMAX  - maximum  combat  weight.  (pounds)  (used  only 
as  an  upper  limit  check) 

WTMIN  - minimum  combat  weight.  (pounds)  (used  to 

determine  point  at  which  bingo  fuel  occurs.) 

HMAX  - combat  ceiling.  (feet) 

RECT  - oxygen  debt  recovery  time.  (seconds) 

SIZFAC  - dimensionless  factor  which  is  applied  in 

determining  the  range  at  which  the  aircraft 
is  detected.  (This  factor  is  the  ratio  of 
the  presented  area  of  the  aircraft  from 
the  frontal  aspect  to  the  presented  area 
of  an  F4  from  the  frontal  aspect. ) 
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CLMSF  - scale  factor  which  is  applied  to  all 
values  in  the  CLMAX  table. 

SURANG  - defined  in  classified  supplement. 


The  parameters  read  in  from  the  fourth  line  are: 

ETASTR  - normal  structural  gee  limit.  (in  gees  and 
hundredths  of  gees:  XX. XX) 

STGEE  - the  maximum  stress  gees  that  be 
maintained. 

SUTIM  - the  period  of  time  for  which  STGEE  can 
be  sustained. 

REGEE  - the  maximum  gees  that  can  be  maintained 
to  recover  from  pulling  STGEE. 

RETIM  - the  recovery  time  during  which  REGEE  is 
the  maximum  allowed. 

ALDTMX  - the  maximum  rate  of  change  of  pitch 
angle.  (degrees/second) 

EMDTMX  - the  maximum  rate  of  change  of  roll  angle, 
(degrees/second ) 

THDTMX  - the  maximum  rate  of  change  of  thrust, 
(pounds/second) 


Lines  5 through  12  are  the  sensor  inputs.  For  these  lines 
the  column  headings  have  the  following  meanings: 


RNOM 

- sensor  range.  (feet) 

ALF 

- azimuth  angle  of  the  sensor 

pattern.  (degrees) 

EPUP 

- maximum  elevation  angle  of 
pattern.  (degrees) 

the 

sensor 

EPDN 

- minimum  elevation  angle  of  the 
pattern.  (degrees)  (usually 

sensor 
< 0.  ) 

i'  - 
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The  angle  ALF  must  be  between  0 and  180  degrees.  The 
azimuth  of  the  sensor  pattern  is  assumed  to  be  symmetrical  about 
the  longitudinal  axis  of  the  aircraft.  EPUP  and  EPDN  must  be 
less  than  90°  in  magnitude.  If  EPDN  is  intended  to  be  negative 
(as  is  generally  the  case)  a minus  sign  must  be  included.  Lines 
5,  6,  and  7 refer  to  the  optical  detection  pattern.  The  values 
for  ALF  which  are  entered  on  the  first  two  lines  divide  the 
pattern  into  three  sectors,  which  may  have  differing  values 
for  R,  EPUP  and  EPDN.  The  value  of  ALF  on  the  third  line  is 
ignored  (it  is  set  to  180°  in  the  program).  The  radar  sensor 
pattern  is  handled  in  the  same  way  as  the  optical.  If  bomber 
defense  tactics  have  been  selected,  the  value  of  ALF  for  track- 
ing only  is  measured  from  the  tail  rather  than  from  the  nose. 
Lines  13  and  14  constitute  a table  of  maximum  mach  number  as 
a function  of  altitude.  The  altitude  values  are  entered  in 
feet.  Similarly,  lines  15  and  16  comprise  a table  of  maximum 

lift  coefficient  as  a function  of  mach  number. 

✓ 

Line  17  contains  the  parameters  which  control  the  gun-firing 

lead  pursuit  course.  These  parameters  are: 

IB  - 0,  if  zero  slow-down  is  to  be  assumed 
for  the  bullet 

1,  if  exponential  slow-down  i-s  to  be 
assumed  for  the  bullet 

2,  if  pure  pursuit  is  desired. 

RGUN  - the  range  outside  of  which  gun-firing  is 
impractical.  (feet) 

VB  - the  initial  velocity  of  the  bullet.  (feet/second) 

DB  - the  diameter  of  the  bullet.  (inches) 


K*.vney  ManA^eti  tm  Consultants 


- 39 


WB  - the  weight  of  the  bullet.  (pounds) 

CDB  - drag  coefficient  of  the  bullet. 

BRST  - the  maximum  burst  length  for  one 
firing  of  the  gun.  (seconds) 

ROF  - the  rate  of  fire  of  the  gun.  (rounds/second) 


1 


Forms  5 through  10  are  all  tables  with  identical  formats. 

The  first  line  o£  each  of  these  forms  asks  for  a scale  factor. 
Every  entry  in  the  table  is  multiplied  by  this  factor,  thus 
enabling  the  user  to  change  the  scale  of  the  entries  on  the 
form.  Other  than  this,  these  six  forms  are  self-explanatory  as 
to  the  entries  and  in  what  units  they  should  be.  On  all  tables 
the  following  requirements  must  be  met. 

1.  All  of  the  argument  lists  must  be  the  same.  This 
means  the  same  NM  values  of  mach  number,  the  same  NA  values  of 
altitude,  and  the  same  NC  values  of  lift  coefficient  must  be 
used  for  a single  aircraft.  (Different  argument  lists  may  be 
used  for  different  aircraft.) 

2.  All  table  entries  are  integer  forms  (XXXXX),  except 
attack  angle  which  is  in  degrees  and  tenths  of  degrees  (XX. X). 

3.  Scale  factors  are  generally  1.0  except  for  drag 
coefficient.  The  scale  factor  may  be  used  to  allow  for  values 
greater  than  99,999  by  dividing  the  entire  table  by  10  and  en- 
tering a scale  factor  of  10. 

4.  Maximum  altitude  is  given  in  Form  5,  line  3. 

Maximum  mach  numbers  and  }ift  coefficients  are  given  in  Form  5, 
lines  14  and  16  respectively.  It  is  important  that  table 
entries  exist  for  all  arguments  up  to  these  maximum  values. 
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3.2.4  MISSILE  INPUTS 

Whether  or  not  missiles  are  included  in  the  weapons  com- 
plement of  an  aircraft  in  a particular  set  of  runs,  the  inputs 
which  describe  the  missiles'  aerodynamic  and  guidance  charac- 
teristics must  be  provided.  These  inputs  are  entered  on  Forms 
11  through  14.  A full  set  of  four  forms  must  be  completed  for 
each  of  four  missiles  — i.e.,  a long-range  missile  and  a short- 
range  missile  for  each  side.  However,  dummy  inputs  may  be  used 
for  any  or  all  of  these  missiles,  as  long  as  they  are  not  assigned 
to  the  armament  load  by  the  inputs  which  specify  the  initial 
conditions  of  the  engagement.  (See  Section  3.2.8) 


The  following  parameters  are  called  for  by  Form  11: 

SIDE  - the  side  for  which  this  missile 

is  available  (must  be  1 or  2; 

1=RED , 2=BLUE ) . 


MISSILE  TYPE  - identification  number  assigned  by 
the  user  to  this  type  of  missile. 


NAME 


AREA 


WEIGHT 


TBURN 


- 20  character  alphanumeric  name 
assigned  by  the  user. 

- missile  cross  sectional  area.  (square  feet) 

- fully  fueled  weight  of  missile.  (pounds) 

- time  for  which  missile  burns.  (seconds) 

- drag  coefficient  used  to  calculate 
incremental  drag  on  the  aircraft 
due  to  the  mounted  missile. 


ETASTR 


- structural  gee  limit  for  the  missile. 

- number  of  altitude  arguments  for 
missile  thrust,  fuel  consumption 
and  maximum  coefficient  of  lift 
tables . 
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NM 

number  of  mach  arguments  for  all 
missile  tables. 

NC 

• 

number  of  coefficient  of  lift 
arguments  for  missile  coefficient 
of  drag  and  angle  of  attack  tables. 

NT 

- 

number  of  time  arguments  for  missile 
throttle  table. 

RHIT 

- 

nominal  lethal  radius  of  the  missile. 

( f eet ) 

TFMAX 

- 

maximum  time  of  flight  before  missile 
flyout  is  terminated.  (seconds) 

ALFLOK 

- 

azimuth  angle  limit  on  missile's 
sensor  coverage.  (degrees) 

EPLOK 

- 

elevation  angle  limit  on  missile's 
sensor  coverage.  (degrees) 

ANGTR 

- 

maximum  angular  tracking  rate  for 
missile.  (degrees/second) 

RSAT 

- 

range  at  which  seeker  saturation 
occurs.  (feet) 

VMIN 

- 

minimum  velocity  for  missile  before 
quitting.  (feet/second) 

TDl 

* 

time  delay  between  missile  firing  and 
the  time  it  is  free  of  the  fighter. 

( seconds ) 

TD2 

time  delay  between  when  missile  is 
free  of  the  fighter  and  the  time  of 
guidance  enablement.  (seconds) 

ALDTMX 

- 

maximum  rate  of  change  of  pitch  angle 
for  the  missile.  (degrees/second) 

EMDTMX 

- 

maximum  rate  of  change  of  roll  angle 
for  the  missile.  (degrees/second) 

IPN 

indicator  for  use  of  proportional  navigation 
= 0,  proportional  navigation  not  used; 

■ 1#  proportional  navigation  used. 

PNl 

- 

proportional  navigation  constant  for 
the  desired  BETA-DOT. 
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PN2  - proportional  navigation  constant 

for  the  desired  GAMMA-DOT. 

RNGSTR  - range  between  missile  and  target  at 

which  secondary  proportional 
navigation  constants  are  used. 

PN1STR  - same  as  PNl , for  the  use  when  range  is 

less  than  RNGSTR. 

PN2STR  - same  as  PN2 , for  use  when  range  is 

less  than  RNGSTR. 

I PC  - indicator  for  use  of  pursuit  course  navigation: 

= 0,  not  required 
= 1,  required. 

THRNOM  - nominal  thrust  for  missile.  (pounds) 

FCNOM  - nominal  fuel  consumption  for  missile, 

(pounds/hour) 

SIZFAC  - dimensionless  factor  which  is  applied  in 

determining  the  range  at  which  the  missile 
is  detected.  (This  factor  is  the  ratio 
of  the  presented  area  of  the  missile 
from  the  frontal  aspect  to  the  presented 
area  of  an  F4  from  the  frontal  aspect.) 

TIME  - time  arguments  for  missile  throttle  table. 

THROTTLE  - missile  throttle  setting  (between  0 and  1.0) 

as  a function  of  time  of  flight. 

CMARG  - mach  arguments  for  all  missile  tables.  . 


Forms  12,  13,  and  14  are  all  tables  with  identical  formats 
The  first  line  of  each  of  these  forms  asks  for  a scale  factor. 
Every  entry  in  the  table  is  multiplied’  by  this  factor,  thus 
enabling  the  user  to  change  the  scale  of  the  entries  on  the 
form.  Other  than  this,  these  three  forms  are  self-explanatory 
as  to  the  entries  and  in  what  units  they  should  be.  On  all 
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tables  the  following  requirements  must  be  met. 

1.  All  of  the  argument  lists  must  be  the  same.  This 
means  the  same  NM  values  of  mach  number,  the  same  NA  values  of 
altitude,  and  the  same  NC  values  of  lift  coefficient  must  be 
used  for  a single  missile.  (Different  argument  lists  may  be 
used  for  different  missiles. ) 

2.  All  table  entries  are  integer  forms  (XXXXX),  except 
attack  angle  which  is  in  degrees  and  tenths  of  degrees  (XX. X). 

3.  Scale  factors  are  generally  1.0  except  for  drag 
coefficient.  The  scale  factor  may  be  used  to  allow  for  values 
greater  than  99,999  by  dividing  the  entire  table  by  10  and  en- 
tering a scale  factor  of  10. 


Keeney  Marumi  ■ *<»  0 jUMlt.ir, 


48 


E 


1 1 
1 1 


I ^ 


3.2.5  FIRING  SCREEN  INPUTS 


The  inputs  described  below  completely  define  the  conditions 
under  which  weapons  firing  may  be  accomplished  dynamically 
within  the  PACAM  program.  Although  use  of  the  SCREEN  and  FIRE 
programs  may  be  bypassed  at  the  option  of  the  user  (described 
below),  it  is  necessary  to  input  a screen  deck  for  each  side, 
for  proper  operation.  The  input  form  for  the  SCREEN  data  is 
Form  15.  If  SCREEN  is  not  to  be  used,  only  the  first  card  must 
be  filled  out,  the  remaining  21  cards  may  be  blank. 


It  should  be  remembered  that  while  the  SCREEN  parameters 
delineate  the  requirements  necessary  for  weapons  release, 
whether  or  not  firing  actually  occurs  is  also  a function  of 
firing  policy,  as  input  on  the  tactics  form  (Form  2).. 


The  first  card  on  Form  15  gives  the  aircraft  type,  or  side, 
for  which  the  form  is  applicable,  the  second  card  indicates 
(0=no,  l=yes)  whether  or  not  that  type  of  weapon  is  mounted. 

If  not,  it  is  acceptable,  but  not  necessary,  to  furnish  data 
for  that  weapon  type. 


Screening  parameters  are  of  two  categories,  those  required  for 
weapon  or  fire  control  lock-on,  and  those  required  for  firing 
given  lock-on. 


Four  of  the  parameters  on  the  input  form  refer  to  the 
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lock-on  requirement,  and  are  defined  as: 

SETOPT  - Time  for  which  optical  information  must  be 
available  to  achieve  lock-on.  (seconds) 

SETTRK  - Time  for  which  tracking  information  must 

be  available  to  achieve  lock-on.  (seconds) 

TRKTM  - Time  for  which  a small  tracking  angle 
(TRANG)  must  be  available  to  achieve 
lock-on.  (seconds) 

TRANG  - The  small  tracking  angle  to  achieve  lock-on. 
(degrees ) 


After  lock-on  has  been  achieved,  a number  of  geometric 

constraints  must  be  met  for  an  assessment  period,  as  follows: 

SYSTM  - Time  period  for  which  the  following  constraints 
must  be  satisfied,  prior  to  firing.  (seconds) 

EPLMIS  - Lower  limit  on  the  elevation  angle  fo  the 

LOS  in  aircraft  body  coordinates.  (degrees) 

EPUMIS  - Upper  limit  on  the  elevation  angle  of  the 

LOS  in  aircraft  body  coordinates.  (degrees) 

ALFLFT  - Left  side  limit  on  the  azimuth  angle  of  the 
LOS  in  aircraft  body  coordinates.  (degrees) 

ALFRGT  - Right  side  limit  on  the  azimuth  angle  of  the 
LOS  in  aircraft  body  coordinates.  (degrees) 

ANGTRS  - Maximum  angular  tracking  rate  allowable, 
(degrees/second) 

RDOTMT  - Maximum  range  rate  at  which  firing  can 
be  initiated.  (feet/second) 

RNGMAX  - Nominal  maximum  range  at  whi,ch  firing  can 
be  initiated.  (feet) 

RNGMIN  - Nominal  minimum  range  at  which  firing  can 
be  initiated.  (feet) 
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These  are  also  restrictions  on  the  launching  aircraft  which 

may  prevent  a firing.  These  are: 

GLOLIM  - lower  limit  on  the  elevation  angle  of  the 
fighter  velocity  vector.  (degrees) 

GOPLIM  - upper  limit  on  the  elevation  angle  of  the 
fighter  velocity  vector.  (degrees) 

ETAMIN  - minimum  gee  loading  on  the  fighter  for  firing. 

ETAMXM  - maximum  gee  loading  on  the  fighter  for  firing. 

Finally,  these  are  three  other  screening  parameters: 

IFFREQ  - requirement  for  firing;  0=no,  l=yes. 

NOALOW  - number  of  missiles  of  each  type  allowed 
in  flight  simultaneously. 

TIMINC  - minimum  time  between  firings  for  a 
particular  weapon  type.  (seconds) 
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3.2.6  DETECTION  CONTOURS 


The  effects  of  target  aspect,  sensor  characteristics  and 
countermeasures  are  partially  accounted  for  in  PACAM  IV  by 
means  of  a set  of  detection  contours  supplied  by  the  user. 
Figure  3-10  gives  examples  of  two  such  contours.  Internally, 
a nominal  detection  range  is  adjusted  by  an  interpolated 
value  from  the  appropriate  contour.  Form  16  is  used  to  input 
contour  values  for  up  to  fifteen  combinations  of  target,  sensor 
countermeasure  characteristics.  As  presently  coded,  contour  1 
is  used  for  optical  sighting,  contour  2 is  used  for  radar  and 
contour  3 is  used  for  tracking. 

The  first  card  on  the  form  required  a value  for  the  number 
of  contours  (NCT)  to  follow.  There  must  follow  a card  for  each 
contour  containing  for  the  ratio  of  detection  range  at  the  in- 
dicated azimuth  to  that  at  the  nose.  (This  assumes,  of  course, 
that  the  input  detection  range  is  based  on  a head-on  target. 

Any  other  convention,  consistently  used,  is  satisfactory.)  The 
column  on  the  form  labeled  "CONTOUR  ID"  is  for  information 
only,  at  present. 
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3.2.7  LASER  INPUTS 

The  laser  Inputs  (as  entered  on  Form  17)  have  been  designed 
to  conform  to  a program  written  by  personnel  of  the  LEAPS 
office  at  Kirtland  Air  Force  Base. 


As  presently  programmed  each  aircraft  in  the  combat  may  use 
a laser  weapon,  but  all  will  have  the  same  characteristics. 

The  first  card  on  Form  17  lists  eight  required  inputs, 
defined  below.  Dimensions  for  the  parameters  appear  in  a clas- 
sified supplement. 


POL  - laser  power. 

JITTER  - twice  standard  deviation  of  2 axis  jitter. 

DO  - diameter  of  aperture. 

DI  - diameter  of  obscuration. 


DR  - diameter  of  relay  mirror. 

ARYA  - area  of  spot  perpendicular  to  beam  at  the 
target  over  which  the  intensity  average  is 
taken. 


LAMBDA  - laser  wave  length. 

TSL  - shot  length  allowed  per  target. 
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The  next  four  parameters  are  entered  as  an  array,  cate- 
gorized by  target  class  (KCL).  The  five  target  kill  classes 
are  listed  in  the  classified  supplement. 

ABBL  - intensity  required  to  open  fire. 

MINABL  - minimum  intensity  required  to  begin  fluence 
accumulation. 

FREQD  - fluence  required  to  burn  through  the  target. 

ADDFLU  - fluence  required  in  addition  to  FREQD,  to 
negate  target. 
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3.2.8  INITIAL  CONDITION  INPUTS 

The  input  form  for  the  initial  condition  cards  is  Form  18. 
This  form  is  divided  into  groups  of  four  cards  which  are  in- 
tended to  represent  separate  engagements.  Thus,  if  the  value  of 
NAC  on  Form  2 is  2 or  3,  the  third  and/or  fourth  line  of  each 
group  will  be  left  blank,  and  nothing  need  be  keypunched  for 
these  lines.  The  concept  can  be  generalized  to  more  than  four 
aircraft,  as  is  shown  in  Figure  3-11.  An  explanation  of  the 
column  headings  on  Form  18  follows. 

NUMBER  - this  is  an  arbitrary  number  or  character  string 

which  can  be  used  to  identify  an  engagement. 

A/C  NO.  - this  number  identifies  each  aircraft  in  an 

engagement.  Permitted  values  are  1,  2,  3 and  4. 

SIDE  - this  must  be  a letter,  either  R or  B,  and  is 

used  to  identify  to  which  of'  the  two  sides 
(Red  or  Blue)  the  aircraft  is  assigned. 

WEIGHT  - the  initial  weight  of  the  aircraft.  This 

must  lie  between  the  values  of  WTMAX  and 
WTMIN  which  were  read  from  Form  4 for 
this  aircraft  type.  (pounds) 

ALTITUDE  - the  initial  altitude  of  the  aircraft. 

This  must  be  less  than  the  value  of  HMAX 
from  Form  4 for  this  aircraft  type.  (feet) 

VELOCITY  - the  initial  velocity  of  the  aircraft. 

This  velocity  must  not  exceed  the  maximum 
allowable  mach  number  at  the  initial 
altitude,  as  calculated  from  the  table  on 
Form  4 for  this  aircraft.  (feet/second) 

NSHOTS  - LRM  (Long-Range  Missile)  - number  of  missiles. 

SRM  (Short-Range  Missile)  - number  of  missiles. 
LASER  - number  of  seconds  of  laser  fuel. 

GUN  - number  of  rounds. 
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*IREF 


the  number  of  that  aircraft  to  which  the  position 
of  this  aircraft  is  referenced.  (Always  = 1 for 
one-versus-one. ) 


*RANGE  - the  initial  range  between  this  aircraft  and  the 
referenced  aircraft.  (feet)  (Note  that  this 
must  be  greater  than  the  difference  in  altitude. ) 


■ the  initial  azimuth  of  this  aircraft  as  seen  by 
the  reference  aircraft  (degrees).  (See  Figure  3-11) 


the  initial  azimuth  of  the  reference  aircraft 
as  seen  by  this  aircraft.  (degrees)  (See 
Figure  3-11) 


*The  user  should  note  that  the  columns  for  IREF,  RANGE, 
AZREF,  and  AZI  are  omitted  for  the  first  line  in  each  engage- 
ment. This  is  because  the  aircraft  represented  by  this  card 
is  arbitrarily  placed  at  the  origin  of  the  inertial  coordinate 
system  traveling  in  the  positive  X-direction,  and  thus,  need 
not  be  referenced  to  any  other  aircraft. 
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SECTION  4 


PACAM  IV  OUTPUTS 

4.1  INTRODUCTION 

A wide  variety  of  output  options  are  available  following  the 
exercise  of  the  PACAM  IV  program,  including  hard-copy  reports, 
magnetic  tape  for  possible  input  into  other  systems,  and  a 
series  of  graphic  displays.  These  outputs  are  written  to  the 
local  files  named  in  Table  4-1.  This  section  is  devoted  to  a 
description  of  these  output  options  and  their  interpretation. 

Table  4-1 


Type  of  Output 

Local  File 

Report 

Reflected  Inputs 

OUTPUT 

4.2 

Standard  Aircraft  Report 

OUTPUT 

4. 3. 1,4. 3. 2 

Firing  Screen  Output 

TAPE4 

4.3.3 

Special  Reports 

TAPE7 

4.3.4 

Narrative  Output 

TAPE  9 

4.3.6 

B Tape 

TAPE12 

4.3.5 

Paced  Tape 

TAPE13 

4.3.5 
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4.2  REFLECTED  INPUTS 

As  a part  of  the  procedure  for  reading  in  data  discussed  in 
Section  3,  the  PACAM  IV  program  prints  out  almost  all  of  the 
input  data  at  the  start  of  each  run  set  for  run  identification 
and  error  checking.  The  single  exception  is  that  of  laser  input 
data  (Form  17)  which  is  normally  of  a security  classification 
higher  than  that  of  the  other  numbers. 


The  input  data  displayed  here  has  had  the  benefits  of  some 
editing,  round-off,  reformatting  and  possibly  some  change  in 
sequence.  However,  the  user  will  have  no  difficulty  in 
unambiguously  correlating  this  printout  with  his  completed 
input  forms.  Examples  of  this  printout  of  data  reflected  form 
the  input  forms  follow  as  Figures  4-1  through  4-10.  Only  one 
aircraft  form,  one  missile  form  and  one  screen  form  are  shown, 
although  the  program  prints  out  all,  as  entered. 


FIGURE  4-1 
REFLECTED  INPUTS 

CONTROL  CARDS  AND  TACTICAL  PARAMETERS 
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4.3  AIRCRAFT  REPORTS 

4.3.1  STANDARD  AIRCRAFT  REPORT 

A standard  report  of  aircraft  position,  orientation,  maneuver 
state  and  information  state  is  produced  for  each  PACAM  IV  run  and 
is  written  to  the  local  file  OUTPUT.  On  this  report,  there  is 
one  line  printed  for  each  aircraft  in  the  engagement,  at  each 
major  time  pulse  ( DLTl ) . An  example  of  one  page  of  this  report 
is  shown  in  Figure  4-11.  An  explanation  of  the  column  headings 
follows. 

TIME  - the  time  in  the  engagement.  (seconds) 

A/C  - the  aircraft  number  that  was  input  on 

the  initial  condition  form. 

ALT  - the  altitude  of  the  aircraft.  (feet) 

GAM  - the  elevation  of  the  aircraft's  velocity 
vector.  (degrees) 

BETA  - the  azimuth  of  the  aircraft's  velocity 
vector.  (degrees) 

SPED  - the  speed  of  the  aircraft.  (knots) 

MU  - the  roll  angle  of  the  aircraft.  (degrees) 

ALPH  - the  pitch  angle  of  the  aircraft.  (degrees) 

THROT  - the  throttle  setting; 

0.0  - 0.5  military  power, 

0.5  - 1.0  afterburner  power. 

GEES  - the  acceleration  normal  to  the  longitudinal  axis 
of  the  aircraft. 

TI-MS  - the  tracking  index  and  maneuver  state  of 
the  aircraft.  The  tracking  index  = 0, 
if  the  aircraft  is  not  tracking; 

* the  number  of  the  aircraft  or  missile 
being  tracked,  otherwise. 

The  maneuver  state  of  the  aircraft  is 
equivalent  to  its  action.  All  possible 
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values  ace  listed  below  with  succinct 
definitions.  A more  detailed  discussion 
can  be  found  in  Section  4.4.1. 


Maneuver 

State 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Gun-firing  pursuit  course 
Offensive 

Defensive  action  1 
" 2 

" 3 

" 4 

Unaware 
Formation 
Bracket 
Dead 

Missile  Evasion 

Bingo  Fuel 

Disengage 

Chandelle 

Spl it-S 

Immelman 

High  Speed  Yo-Yo 
Barrel  Roll 
Bomber  Defense 
Bomber  Penetration 


RANGE 


the  ranges  from  the  aircraft  to  all  other 
aircraft  in  the  engagement.  (feet)  An 
aircraft's  range  to  itself  is  printed  as  0, 


ANGLE  OFF  - the  off  angles  between  the  aircraft  and 
all  other  aircraft  in  the  engagement, 
(degrees)  An  aircraft's  off  angle  to 
itself  is  printed  as  0. 

INFO  STATE  - the  information  states  of  the  aircraft 
with  respect  to  all  other  aircraft  in 
the  engagement.  This  prints  as  a 0 
for  any  aircraft  with  itself  or  with 
any  aircraft  on  its  side.  A value  of 
9 indicates  unaware,  othet  values  are 
defined  as  follows: 


NO  IFF 


IFF 


Track ing 
Active 
Passive 
Aware 


1 

*> 

5 

7 


2 

4 

7 

8 
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4.3.2  STANDARD  AIRCRAFT  REPORT  (WITH  WEAPONS) 


The  atandard  aircraft  report  shown  on  Figure  4-11  has  been 


adapted  without  change  from  that  used  in  PACAM  II.  With  the 


integration  of  dynamic  weapon  evaluation  into  the  program. 


the  standard  aircraft  report  is  modified  to  display  this 


effect.  Figure  4-12  shows  an  example  of  this  print-out  version, 


with  the  additional  output  boxed  in  for  emphasis.  Each  line  on 


the  additional  output  represents  a status  report  for  each  weapon 


active  at  the  minor  time  pulse  (DLT2)  shown. 
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4. 3. 2.1  MISSILE  OUTPUT 


For  missiles,  the  format  of  each  line  is  described  below. 
The  first  six  variables  represent: 


The  flight  phase 


The  internal  index 
•.Missile  ID 


Launching  aircraft 

Target  aircraft 
or  missile 


PR  Prelaunch 

LN  Launch 

KW  Flight 

KV  End  game 

Ka  Where  5 ^ a 10 

IDb  Where  b is  a unique, 
internally  assigned, 
identification  number 

Lc  Where  c is  the  aircraft  number 

Rd  Where  d is  the  aircraft 
or  missile  ID 


Weapon  type 


Maneuver  state 


Te  Where  e is  defined: 

3 Blue  LR  missile 

4 Red  LR  missile 

5 Blue  SR  missile 

6 Red  SR  missile 

Mf  Where  f is  the  missile  maneuver 
state : 

80  Dead 

81  Prelaunch 

82  Launch 

83  Guidance  enable 

84  Proportional  navigation,  R R* 

85  Proportional  navigation,  R_R* 

86  Break  lock 

87  Approach 


A more  detailed  discussion  of  the  missile  maneuver  states 
appears  in  Section  4.4.2. 


Thus  the  partial  output  line:  KW,  K5,  ID4 , Ll,  R3 , T3 , M84 
represents  a missile  with  internal  index  of  5,  launched  4th  in 
this  run,  from  aircraft  1 against  aircraft  3.  Is  a long-range 
lje  missile  type,  flying  long-range  proportional  navigation. 
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Those  six  identifiers  are  all  that  are  printed  at  launch 


initiation  (PR).  At  actual  missile  separation  (LN)  three 
more  parameters  are  added: 

R Range  to  target.  (feet) 

V Velocity  of  missile.  (feet/second) 

E ETA,  the  missile  gee  loading 


After  launch  a fourth  parameter  is  added 
TM  Time  of  flight.  (seconds) 

and  finally  at  end  game  time,  the  closest  approach  distance 

and  the  outcome  are  shown 

RC  Closest  approach  distance.  (feet) 

DEa  Where  a is  the  number  of  the  dead 
aircraft  or  missile 
a=0  indicates  no  kill. 
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Firing  aircraft  La  Where  a is  the  aircraft 


ID 


Target  aircraft 

or  missile  Rb  Where  b is  the  aircraft 

or  missile  ID 

Target  class  Class  c l^c_<  5 , where  c is  the  kill 

class  2 of  the  particular 
target  (see  classified 
supplement  for  definitions) 

Time  on  TON  Length  of  time  for  which  the 

laser  has  been  firing,  (seconds 

R Range  to  target,  (feet) 

PR OB  Probability  of  kill 

LRSLT  d Where  d is  a numeric  code 
which  specifies  the  result 
of  the  laser  firing  (see 
classified  supplement  for 
definitions ) . 
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4.3.3  FIRING  SCREEN  OUTPUT 

At  each  major  time  pulse,  PACAM  IV  evaluates  (through 
programs  SCREEN  and  FIRE)  the  opportunities  and  occasion  of 
weapons  launch.  A report  of  this  activity  is  written  to  a 
local  file  named  TAPE4.  A typical  page  of  this  report  is 
displayed  as  Figure  4-13,  and  described  below. 


The  column  headings  are  felt  to  be  self-descriptive,  subject 
to  the  following  remarks. 


TARGET 


may  be  either  a missile  or  aircraft. 
If  target  is  a missile,  the  number 
shown  is  the  internal  missile  index 
described  in  the  previous  section. 


WEAPON  TYPE  - 


1 Long-range  missile 

2 Short-range  missile 

3 Laser 

4 Guns 


Entries  under  the  heading  "WEAPON  TYPE"  represent  the  fire 
control  and  weapon  launch  status  according  to  the  following  codes. 
The  conditions  referred  to  are  from  Figure  4-8. 


Status 

Code 


0 

1 

2 

3 

4 


Explanation 
Not  applicable 

Lock-on  conditions  not  satisfied  (conditions  1-3) 

In  lock-on  process,  insufficient  time 

IFF  required  but  not  satisfied  (condition  13) 


System  assessment  conditions  4-6,  12  not 
satisfied  (break  lock  not  required) 


System  assessment  conditions  7-11  not  satisfied 
(break  lock) 


In  system  assessment  process,  insufficient  time 


Ke.vney  Marwgen.-ni  Consuli.ir.ts 


Status 

Code 

7 


Aircraft  maneuver  problem  only  (conditions  14-17) 


8 


All  screen  conditions  satisfied,  weapon  not 
available 


9 Weapon  firing  possible 


TYPE  FIRED  - the  entry  here  indicates  the  type  of 
weapon  that  was  actually  fired.  A 0 
indicates  that  no  weapon  was  fired. 
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4.3.4  SPECIAL  REPORTS 

Information  useful  for  detailed  inspection  of  any  set  of 
parameters  computed  by  PACAM  IV  can  be  made  available  through 
modification  of  the  WRITE  and  FORMAT  statements  in  routine 
OUT7.  This  additional  report  is  then  written  to  local  file 
TAPE 7. 

An  example  of  one  such  special  report  is  shown  in 

Figure  4-14.  An  explanation  of  the  column  headings  follows: 

TIME  - the  time  in  the  engagement.  (seconds) 

A/C  - this  is  the  aircraft  number  that  was 

input  on  the  initial  condition  form. 

X - the  inertial  x-coordinate  of  the  aircraft. 

( feet ) 

Y - the  inertial  y-coordinate  of  the  sircraft. 

(feet) 

Z - the  inertial  z-coordinate  of  the  aircraft. 

(feet)  ( =ALT ) . 

VST  - the  stall  velocity  of  the  aircraft. 

( feet/second ) 

VCORN  - the  corner  velocity  of  the  aircraft. 

(feet/second ) 

V(FPS)  - the  velocity  of  the  aircraft.  (feet/second) 

VSND  - the  speed  of  sound  at  altitude  Z.  (feet/second) 

MACH  - the  mach  number  of  the  aircraft. 

RHO  - the  atmospheric  density  at  altitude  Z. 

(slugs/cubic  foot) 

Q - the  dynamic  pressure  of  the  aircraft, 

(pounds/square  foot) 

U - the  dynamic  pressure  at  the  speed  of  sound 

divided  by  the  wing  loading  of  the  aircraft. 

CD  - the  drag  coefficient  of  the  aircraft. 
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4.3.5  GRAPHICS  INTERFACE  OUTPUT 

In  order  to  provide  input  to  graphics  programs  at  Eglin  Air 
Force  Base  and  Kirtland  Air  Force  Base,  two  subroutines  in  PACAM 
IV  have  been  written  to  reorder,  format  and  redimension  the 
flight  path  data  and  aircraft  orientation,  as  required. 

These  two  output  files  are  referred  to  as  the  B tape  and  the 
PACED  tape  in  Table  4-1,  and  are  for  use  at  Eglin  AFB  and  Kirtland 
AFB  respectively. 

The  format  of  the  B tape  is  described  in  the  PACAM  II  Users 
Manual  January,  1976,  A.  T.  Kearney,  pp . 50-56. 

The  format  of  the  PACED  tape  is  described  in  Users  Manual 
for  the  Trajectory  Analysis  Computer  Program,  BDM,  pp.  46-50. 


Both  graphics  packages  provide  output  in  the  form  of  movies 
and  still  pictures.  Examples  of  the  latter  are  provided  in 
Figures  4-15  through  4-18,  and  on  the  cover  of  this  manual. 

Figures  4-15  through  4-17  were  generated  by  the  graphics 
package  at  Eglin  AFB.  Figure  4-18,  which  is  taken  from  a PACAM 
IV  run  where  one  side  is  a bomber,  was  generated  by  the  graphics 
package  at  Kirtland  AFB. 
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4.3.6  Narrative  Output 


As  an  alternate  to,  or  in  addition  to,  the  detailed  output 
described  previously,  PACAM  IV  has  the  ability  to  list  only 
significant  events  occurring  during  the  duel.  This  output  is 
written  to  the  local  file  TAPE9.  An  example  is  shown  in 
Figure  4-19,  and  should  be  completely  self-explanatory. 


AO-A069  222 


UNCLASSIFIED 


KEARNEY  (A  T)  INC  CHICAGO  IL  CAYWOOD-SCHILLER  DIV  f/G  15/7 

PACAH  IV  MULTIPLE  AIRCRAFT  THREE  DIMENSIONAL  AIR-TO-AIR  COMBAT.— ETC (U) 
APR  78  M D DLOOGATCH.  D H SCHILLER  F08635-77-C-0168 

NL 


X 


2°F2 

AO 

406 9222 


END 


7-79 
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An  aircraft  in  this  maneuver  state  is  attempting  to  maintain 
a lead  angle  appropriate  for  weapon  firing.  This  lead  angle 
is  based  upon  exponential  bullet  slowdown  or  constant  bullet 
velocity  at  user  option.  Full  throttle  is  used  to  provide 
rapid  approach  to  gun  range;  the  throttle  is  then  adjusted  in 
order  to  achieve  a specified  overtake  velocity  (VOVER) . This 
overtake  velocity  may  range  from  low,  for  remaining  within  gun 
range,  to  a value  desirable  for  a high  speed  passing  attack. 

Maneuver  State  2 (Offense) 

An  aircraft  in  this  maneuver  state  is  either  attempting  to 
achieve  or  already  flying  a weapons  firing  course.  A maximum 
gee  turn  is  attempted,  with  corner  velocity  desired.  Full 
throttle  is  maintained,  and  velocity  controlled  by  manipulation 
of  the  aircraft  nose. 

Maneuver  State  3 (Defensive  Action  1-) 

An  aircraft  in  this  maneuver  state  is  performing  a "jink" 
(e.g.,  randomly  selecting  full  or  idle  throttle,  with  maximum 
gee  turns  in  random  directions).  There  is  a built-in  three 
second  limit  for  each  random  jink,  and  provision  is  made  to 
avoid  smooth  maneuvers. 
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Maneuver  State  4 (Defensive  Action  2) 

An  aircraft  in  maneuver  state  4 reacts  to  an  opponent  by 
attempting  a maximum  gee  turn  into  the  line  of  sight  at  full 
throttle. 


Maneuver  State  5 (Defensive  Action  3 


An  aircraft  in  maneuver  state  5 reacts  to  an  opponent  by 
diving  for  the  deck  (i.e.,  100  foot  level)  at  an  angle  of  30 
degrees.  Full  throttle  is  applied.  At  the  user's  option,  the 
aircraft  may  make  a series  of  30  degree  clearing  turns  after 
it  has  reached  the  deck. 


Maneuver  State  6 (Defensive  Action  4 


An  aircraft  in  maneuver  state  6 reacts  to  an  opponent  by 
attempting  to  climb  to  a given  escape  altitude  at  a given 
mach  number.  The  escape  altitude  and  mach  number  are  user 
inputs. 


Maneuver  State  7 (Unaware) 

An  aircraft  in  the  unaware  state  will  fly  straight  and  level, 
maintaining  its  current  throttle  and  heading. 


Maneuver  State  8 (Formation; 


An  aircraft  assigned  to  the  wingman  position  will  attempt 
to  maintain  a fixed  position  relative  to  the  leader  throughout 
the  time  he  remains  in  this  maneuver  state.  The  aircraft  will 
adjust  throttle  and  heading  in  an  effort  to  maintain  formation; 
his  success  is  a strong  function  of  the  actions  of  the  leader. 


'I 
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Maneuver  State  9 (Bracket) 

The  aircraft  in  a bracket  maneuver  is  attempting  to  achieve 
an  extended  formation  position  on  the  side  opposite  to  that  being 
attacked  by  his  partner. 

Maneuver  State  10  (Dead) 

An  aircraft  killed  during  the  combat  will  enter  and  main- 
tain a flat  spiral  till  it  impacts  on  the  ground.  At  the  time 
of  kill  his  sensors  are  turned  off  and  all  other  sensor  infor- 
mation concerning  him  is  canceled. 

Maneuver  State  11  (Evade  Missile) 

An  aircraft  which  has  run  out  of  fuel  or  weapons  will 
attempt  to  disengage.  The  exact  maneuver  used  will  depend  upon 
the  relative  positions  of  the  aircraft  at  the  point  when  the 
maneuver  state  is  first  entered. 

Maneuver  State  13  (Disengage) 

An  aircraft  attempting  to  disengage  from  the  combat  because 
of  enemy  action  will  strive  for  a heading  opposite  that  being 
flown  at  maneuver  initiation. 

Maneuver  State  14  (Chandelle) 

An  aircraft  in  this  maneuver  state  is  performing  a climbing 
turn,  intending  to  exchange  speed  for  altitude.  Turning  rate 
and  desired  velocity  may  be  set  by  the  user  in  the  subroutine 
argument  list. 
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Maneuver  State  15  (Split-S) 

The  Split-S  maneuver  consists  of  a 180°  turn  downward  in 
the  vertical  plane. 

Maneuver  State  16  (Immelman) 

The  Immelman  turn  consists  of  a 180°  turn  upward  in  the 
vertical  plane. 

Maneuver  State  17  (Hiqh  Speed  Yo-Yo 


An  aircraft  in  this  state  is  maneuvering  to  keep  an  oppo- 
nent in  his  tail  cone  at  a specified  off  angle,  so  as  to  allow 
use  of  a tail  defense  weapon. 
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Maneuver  State  85  - Pursuit  Course 

The  missile  is  flying  a pure  pursuit  course,  attempting  to 
keep  its  longitudinal  axis  pointing  at  the  target. 

Maneuver  State  86  - Approach 

The  missile  in  this  maneuver  state  is  flying  a straight 


line  course,  having  closed  within  the  range  ( RSAT)  at  which 
its  seeker  becomes  saturated. 

Maneuver  State  87  - Break  Lock 

This  missile  in  this  maneuver  state  is  flying  a straight 
line  course,  by  reason  of  having  broken  lock,  or  having  had  its 
seeker  disabled  by  enemy  action. 
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SECTION  5 

SYSTEM  REQUIREMENTS 

The  PACAM  IV  program  is  currently  running  on  the  CDC  Series 
6000  and  Cyber  70  Computer  Systems  at  ADTC  and  AFWL.  The  core 
requirement,  expressed  as  an  octal  figure,  is  for  134  K words. 
This  requirement  could  be  reduced  to  less  than  60  K by  taking 
advantage  of  the  CDC  Segmented  Loader. 

Because  the  program  is  written  in  FORTRAN  IV  it  should  be 
possible  to  transfer  it  to  another  computer  of  comparable  size 
and  speed  with  a "reasonable"  amount  of  effort. 


APPENDIX 
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The  following  table  lists  the  FORTRAN  FORMAT  statements 
which  correspond  to  the  various  lines  of  the  input  forms. 


Control  Inputs  (Form  1) 
Lines  1.  2 


FORMAT (2A1 0/515, 3F10.0) 


Tactical  Inputs  (Forms 
Form  2,  Line  1 
Form  2,  Lines  2-7* 
Form  2,  Line  8 
Form  2,  Line  9 
Form  3,  Lines  1-6 
Form  3,  Lines  7-12 


FORMAT ( 10X,2(8X,I2,4X,A2,2(4X,I2) ) ) 
FORMAT (10X,I2,2(4X,I2,2X,3F6.0,2X) ) 
FORMAT ( 2(2X,6F6.0,2X) ) 

FORMAT ( 4X , 2 ( 2X , 4F8 .0 ,2X) ) 

FORMAT ( 4X,2(16X,6I2) ) 

FORMAT (5X, 6(12, IX, 12) , 10X , 6 ( 1 2 ,1X , 1 2 ) ) 


Aircraft  Inputs  (Forms  4-10) 
Form  4,  Lines  1-3 
Form  4,  Lines  4-11 
Form  4,  Lines  12-15 
Form  4,  Line  16 
Forms  5-10,  Lines  1-3 
Forms  5-10,  Lines  4-17 


FORMAT ( 1X,3(3X,I3) ,5X,Il/8(4X,F6.0) ) 
FORMAT (1SX, 4 F6.0) 

FORMAT  ( 10X_,  14F 5 . 0.)  ro  n^,  A n 

FOnMAir(^llt,l0,»F10  /f  (0«t) 

FORMAT ( 2/6X,l2,29X,F8.0/l) 

FORMAT ( 4X , F5 . 0 , IX , 1 4F5 . 0 ) 


Missile  Inputs  (Forms  11-14) 
Form  11,  Line  1 
Form  11,  Line  2 
Form  11,  Line  3 
Form  11,  Line  4 
Form  11,  Line  5 

Form  11,  Line  6 
Form  11,  Lines  7-9 
Forms  12-14,  Lines  1-3 
Forms  12-14,  Lines  4-17 


FORMAT ( 13X,I3,9X,I3,7X, 2A10 ) 

FORMAT (10X, 5 (F6.0,3X) ,4(3X,I3) ) 

FORMAT (10X,7(F6.0,3X) ) 

FORMAT (10X,2(2(F6.0,3X) ,9X) ) 

FORMAT ( 13X,I3,3X,2(F6.3,3X) ,F5.0,3X,2 
(F5.3,3X) ,I3,3X,F5.1,3X,I3) 
FORMAT (19X,3(F6.0,3X) ) 

FORMAT ( 10X, 14F5 . 0 ) 

FORMAT (26X,I2,29X,F8. 0// ) 

FORMAT ( 4X, F5. 0, IX, 14F5.0) 


Screen  Inputs  (Form  15) 
Line  1 
Line  2 
Lines  3-19 
Lines  20-21 
Lines  22 


FORMAT ( 9X, II ) 
FORMAT ( 10X , 4 18 ) 
FORMAT ( 10X , 4F8 . 0 ) 
FORMAT ( 1 0 X , 4 1 8 ) 
FORMAT ( 10X,4F8.0) 


For  lines  1 and  2 dummy  variables  are 
read  in  place  of  RLIM , TAUl  and  TAU2 . 
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Detection  Contours  (Form  16) 
Lines  1-16 

Laser  Inputs  (Form  17) 

Lines  1-6 

Initial  Conditions  (Form  18) 
All  Lines 


FORMAT (9X, 12/(1 OX, 13F 5.0) ) 

(V9X,  Ti/Oox,  IT FffiV 

FORMAT ( 8X, 8F9 . 0 ) 


FORMAT ( 5X,I2,1X,A1,2X,3F6.0,2X, 
4F4.0,2X,I2,3F6.0) 
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